Abstract. This chapter presents an integrative visual data mining approach towards biomedical data. This approach and supporting methodology are presented at a high level. They combine in a consistent manner a set of visualisation and data mining techniques that operate over an integrated data set of several diverse components, including medical (clinical) data, patient outcome and interview data, corresponding gene expression and SNP data, domain ontologies and health management data. The practical application of the methodology and the specific data mining techniques engaged are demonstrated on two case studies focused on the biological mechanisms of two different types of diseases: Chronic Fatigue Syndrome and Acute Lymphoblastic Leukaemia, respectively. The common between the cases is the structure of the data sets.
Introduction
Molecular and genomic information are becoming an important part of methods for diagnosing diseases, based on biological indicators. There is a very large and increasing level of effort towards improving the overall methodology for utilising the data gathered through gene expression profiling. The efforts are focused on the measurement procedures and data collection technology, experiment designs, and diverse data analysis and mining methods [1] . Some of the best practices have been discussed in [2, 3] .
Mining microarray data on it's own is a challenging task [4] , due, on the one hand, to the superposition of a number of physical processes in the data collection, on the other, to the need to convert extracted patterns to biological knowledge. Consequently, there has been an increasing interest towards complementary techniques for analysing simultaneously gene expression data and other data sources, for example, literature-based information [5] , DNA sequence database [6] or from several sources [7] . This increasing tendency in extending data mining techniques, for example, association rule mining [8, 9] , is reflected in some of the tools developed recently [10, 11] . These "joint" methods, however, have emerged somewhat on an ad-hoc basis. Though biologists often focus on data, collected from microarray-based expression profiles, other molecular data, including the organisation and function of genes in the context of the cell, the physical genome and sequence, the relationships between species in terms of this organisation, can provide important insights into the phenomenon. Overall, in the biomedical and health sciences, various databases collect these diverse data sets, each providing a basis for knowledge discovery within a specific area of understanding. This is illustrated in Fig. 1 . Biomedical and health data and patterns discovered from it often consist of many small interactions contributing to the explanation of the phenomenon. Developing a consistent methodology and the corresponding combinations of supporting algorithm is the aim of the work, presented in this chapter. Fig. 1 . Relationship of data source to the biological genotype -phenotype spectrum Fig. 2 shows the broader picture of the data sources that are involved on the biomedical side in modern healthcare. There is a growing opinion that the analysis of biomedical data requires the integration of various data sources to build up a more complete picture of the various levels of biology, clinical understanding and optimal patient management. Consequently, there is a need for a consistent methodology that enables combined analysis of clinical traits, marker genotypes, comprehensive gene expression, SNP data, in order to dissect the biological mechanisms of complex disease. Recent research recognises also the necessity in automatic utilisation of existing knowledge compiled in various "omic" electronic libraries in order to understand and interpret the outcomes of microarray and SNP data in the context of existing biological knowledge [12] .
A brief overview of the different types of data (data sources), their characteristics and issues of integration with the other data are presented in Table 1 -Table 4 . We consider seven types of data sources, grouped in four categories:
• Medical and Clinical data sources (including Medical Data, Patient Outcome Data and Patient Questionnaire Data) presented in Table 1 ; • Biological data sources (including Gene Expression Profiles and Single Nucleotide Polymorphisms (SNPs)) presented in Table 2; 
